Two-phase gas-liquid flow along pipeline will tend to unavoidable non-stable condition e.g. slugging flow. Slug flow can pose serious problems to the equipments and operator of these flow systems. High fluctuating rates of gas and liquid can severely reduce the production and in the worst case shutdown or damage topside equipments like free water knock out drums. The modelling of two-phase flow systems over recent years become commonplace. This has been a direct result of stringent requirements to adopt the latest technology in health, safety and pipeline integrity analysis. In recent study, the carbon steel sub-sea pipeline with outer diameter 32 inch (ID. 30 inch) in order to transfer sour gas from South Pars gas field to a gas refinery with capacity 2000 MMSCFD for two phases (each phase 1000 MMSCFD) in south of Iran which has approximate length of 87 km is considered to simulate with PIPESIM software based on Beggs & Brill correlation for slug prediction in both vertical and horizontal pipes as well as Peng-Robinson equation of state to estimate gas physical properties. Based on our studies by increasing flow rate the amount of holdup and slug is decreased so that from 200 MMSCFD up to 1000 MMSCFD this value is almost decreased 32% in the riser. In such simulation, care must be taken during the gathering of data for the parameters like pipeline elevation changes, flow and composition of fluids and pipeline operational pressure and ambient temperature.
Introduction
In oil and gas field development, interfiled pipelines are widely used to transfer two-phase fluid from wellhead to offshore platform for treatment and processing. Most of partial conditioned gas and partial stabilized condensate will be transferred to onshore plant via sub-sea pipeline for further operations. The development of slugs of liquid in multi phase pipelines is a major and expensive trouble for oil and gas producers. A lot of money and effort has therefore been spent trying to avoid the problem associated with slug flow; for example by installing slug catcher on-shore or increasing the size of the first stage separators to provide the necessary buffer capacity. The fluid produced offshore is transported through pipelines as a complex mixture of oil, gas, water, MEG and sand, one common flow regime is known as slug flow in which the liquid flows intermittently along the pipes in a concentrated mass, called a slug. The prediction of flow characteristic (e.g. pressure drop and liquid holdup) in two-phase gas-liquid flow in pipes is of particular interest to the petroleum, chemical and nuclear industries. These pipeline networks are large and intricate, consisting pipes, compressors, valves, pressure reducers, etc. Transition flow conditions, which could typically last for several hours, are usually introduced in these systems during operation due to (i) changes in inlet and outlet flows / pressures, (ii) starting and stopping of compressors and (iii) changes in control set points [1] . Because slug flow is highly complex and unstable, thus it is difficult to predict the pressure drop, heat and mass transfer. But in general, prediction of slug characteristics is essential for the optimal, efficient, safe and economical feasible design and operation of such systems. In addition, the flow nature will vary depending on whether the pipeline is horizontal, vertical or inclined.
The flow regime doesn't affect the pressure drop as significantly in horizontal flow as it does in vertical flow, because there is no potential energy contribution to the pressure drop in horizontal type. It has long been known that the primary parameters affecting the occurrence of a flow pattern in two-phase flow (at a certain inclination) are the flow rates, although fluid properties and geometrical characteristic of pipe (shape, equivalent diameter, inclination angle, etc) play an important role [2] . The flow regime can be classified in three main categories: Segregated flow, in which two phase are in most parts separate so that is included: Stratified smooth; Stratified wavy and Annular.
Intermittent flow, in which gas and liquid are alternating and contains: Slug flow and Plug flow Distributive flow, in which one phase is dispersed in other phase
In the segregated flow, the gravitational separation is complete so that gas flows at top of the liquid flow. Annular flow occurs at high gas rates and relatively high liquid rates and consists of an annulus of liquid coating the wall of the pipe and a central core of gas flow, with liquid droplets entrained in the gas. Gas-liquid flow in inclined pipes has been studied by a number of investigators so that Beggs and Brill observed that inclination angle significantly affects liquid holdup and pressure drop. Barnea et al. reported that in down flow the stratified region is considerably expanded as the angle of inclination increases and higher liquid flow rates are required for the transition to intermittent flow [2] . In general, the transition from one flow pattern to another is not abrupt, except for the transition to intermittent from stratified flow at low gas velocities.
Slug flow is included large liquid slugs alternating with high velocity bubbles of gas that fill almost the entire pipe. In plug flow, large gas bubbles flow along the top of the pipe. Since fluid route is rarely either vertical or horizontal in such long distance piping, two-phase inclined flow predominates over the expanse. For both horizontal, up-flow (flow up lines inclined positively from the horizontal) and downflow (flow down lines inclined negatively from the horizontal) a number of flow regimes are possible. For horizontal and up-flow, Bonnecaze et al. have found that slug flow predominates for conditions typically encountered in pipeline applications. Based on the data contained in two papers presented by Gallyamov and Goldzberg to estimate holdup for stratified down-flow, it was proposed that the normal depth of liquid along two-phase down-flow of a gas-liquid mixture in a pipe takes on the following form [3] :
The steps of slug formation are included as [4] : 1. Liquid and gas flow concurrently into a pipe. Near the entrance the liquid flows as a stratified phase with the gas passing above. At gas and liquid velocities under which slug flow takes place, the liquid layer decelerates as it moves along the pipe. As a result, its level increases, approaching the top of the pipe. At the same time, waves appear on the liquid surface. Eventually the sum of the rising liquid level plus the wave height is sufficient to bridge the pipe momentarily blocking the gas flow. (See Figure 1A , B, and C).
2. As soon as the bridging occurs, the liquid in the bridge is accelerated to the gas velocity. The liquid appears to be accelerated uniformly across its cross-section, thereby acting as a scoop, picking up all the slow moving liquid in the film ahead of it and accelerating it to slug velocity. By this mechanism, the fast moving liquid builds its volume and becomes a slug. (See Figure 1D. ).
3. As the slug is formed and moves down the pipe, liquid is shed uniformly from its back and forms a film with a free surface. This liquid in the film decelerates rapidly from the slug velocity to a much lower velocity as controlled by the wall and interfacial shear.
4. Once a slug is formed as it travels down the pipe it first sweeps up all the excess liquid which had entered the pipe since the last slug was formed. From that point on it picks up liquid film which has been shed from the preceding slug. Since the slug is now picking up liquid at the same rate that it is shed, its length stabilizes.
5. The slug has a higher kinetic energy than that of the liquid film. Thus, the film penetrates a distance into the slug before it is finally assimilated at the slug velocity. This over-running phenomenon creates an eddy at the front of the slug which is essentially a mixing vortex. The distance of penetration constitutes the length of the mixing eddy. In this mixing zone, gas is entrapped due to the violent mixing operation.
6. As the gas rate and consequently the slug velocity increase, the degree of aeration of the slug increases. Ultimately the gas forms a continuous phase through the slug. When this occurs the slug begins bypassing some of the gas. At this point the slug no longer maintains a competent bridge to block the gas flow so the character of the flow changes. This point is the beginning of "blow-through'' and the start of the annular flow regime. Hydrodynamic slugs, in horizontal and near horizontal pipes, are formed by waves growing on the liquid surface for a height sufficient to completely fill the pipe. The hydrodynamic slugging is difficult to prevent since it occurs over a wide range of flow conditions. Shift in equilibrium results liquid formation or flashing and subsequently leads to slug formation. The repeating impacts of hydrodynamic slugging can cause fatigue. It can therefore be useful to predict the slug volume, velocity, and frequency of such slugs. Gregory and Scott concluded that slug frequency is dependent on pipe diameter so that proposed correlation was given as [5] 
Terrain slugging is typically created by a stratified flow near a dip in a flow line, well, or riser, and can in principle only occur if there is downward flow. For purely riser-induced slugging, the liquid does not move until gas pressure behind the blockage builds up high enough to push the liquid out of the low spot as a slug (overcomes the gravitational head of the liquid) [6] . In a riser, the slug will decelerate as the line upstream of the slug packs up to provide the pressure to overcome the increasing hydrodynamic head in the riser. As the slug leaves the riser the hydrodynamic head is reduced so that the upstream gas bubble expands and accelerates the slug into the separator. Large flow rates initiated by severe slugs can cause major problems for topside equipment like separator vessels and compressors. Initially, hydrodynamic slugs are relatively short, however, the slugs can gather together to form longer slugs, while terrain slugs can be hundreds of meters long. Usually, in the early stages of production, terrain slugging would be expected because of low flow rates, while normal slug flow would be expected for the rest of the time.
Other types of slugging are initiated by pipeline operations. Pigging of a pipeline causes most of the liquid inventory to be pushed from the line as a liquid slug ahead of the pig. The pig and the slug in front of it move at a velocity that is equal to the gas velocity behind the pig. When the liquid exits the line, the volume of liquid ahead of the pig is equal to the liquid holdup in the line minus the amount of leakage past the pig minus the amount of liquid produced while the pig is traversing the pipeline. Shut down of a line will drain the liquid that is left in the line down to the low points. During restart the accumulated liquid can exit the pipeline as a slug. Slugs may also form during depressurization due to high gas velocities. Also, slugs may be produced as a result of transient effects such as pressure or flow rate changes so that increasing or decreasing the flow rate of either gas or liquid leads to a change in liquid holdup. This can come out in the form of a slug, depending on the flow rate. For example, if a line operating in stratified flow is subjected to an increase in gas flow rate or total production rate; one or more slugs may be produced as the equilibrium level drops towards a new steady state condition. 
Multi-Phase Flow Simulation
In order to simulate the pipeline as real as has been constructed in seabed and offshore platform, the changes of its elevation along whole distance with considering pipe material and insulation in different parts should be taken into account. Furthermore, all components based on accurate composition and equation of state would be entered the simulator to calculate the physical properties. In order to estimate fluid properties, Peng-Robinson equation of state (3) Once the horizontal in situ liquid volume fraction is determined, the actual inclined liquid holdup, E L (θ), is obtained by multiplying E L (0) by an inclination factor, B(θ).
θ is angle of inclination form the horizontal (degree) and β is a function of flow type, the direction of inclination of the pipe (up-flow or down-flow) and also the liquid velocity number (N vl ). In order to prevent hydrate formation and blockage of pipeline during the gas production, MEG is injected up to offshore with the pressure equal to injection point. Thermodynamic inhibitors would not affect the nucleation of hydrate crystals and their growth into blockage. They only change the pressure and temperature conditions of hydrate formation. With inhibition, the hydrate formation temperature will be lower or the hydrate pressure formation would be higher. Therefore, the operating conditions can be shifted out of stable hydrate region. Two kinds of thermodynamic inhibitors are commonly used: methanol and mono ethylene glycol (MEG), for oil systems methanol is used the most, instead gas pipelines normally uses MEG continuously because they are not insulated. Compared to methanol, MEG is less flammable, but is more expensive and less available. The composition of whole components which includes in the two phases fluid contains as 98.6% mole in vapour and 1.4% in liquid so that has 80.9% methane, 5.1% ethane, 1.5% water and etc. In order for estimation of the physical properties for the C6-C20 cuts, three known parameters such as critical temperature (T C ), critical pressure (P C ) and acentric factor ( ) are entered as inlet data to PIPESIM to obtain three other key properties e.g. molecular weight, specific gravity and boiling point. These parameters also were estimated by ASPEN HYSYS (ver.2006) in order to compare between two simulators and obtain more reliability so that both groups of data were similar with low deviation between them. Table 1 indicates mentioned data. Figure 2 illustrates phase envelope curve for this kind of gas so that maximum temperature in order for hydrate formation adds up to 20°C at 125 barg. The conservation equations that are used to simulate the two phase flow comprise three continuity equations which are written for the gas, liquid bulk and liquid droplets and also one energy conservation equation is employed. The equations are coupled through the mass transfer rate between gas and liquid as well as the deposition and entrainment rates of liquid droplets.
Gas Phase: 
In order to simulate offshore pipeline and investigation of operational condition, input data should be entered in PIPESIM simulator, tables 2 and 3 show physical specification of sub-sea pipeline, riser and platform area with pipe coating data. Table 4 depicts the characteristic of surrounded material and fluids in riser and flow line area which followed as: 
Results and Discussion
In recent paper, the 32 inch sub-sea pipeline which transfers sour wet gas from the offshore platform in Persian Gulf to the onshore is simulated by PIPIESIM so that variation of some operational parameters like inlet pressure versus total distance and flow rate, outlet temperature versus total distance in different gas flow rate and pipe diameters and also the changes inlet pressure with various flow rates in some pipe diameters are investigated. Table 5 shows summary of some gas physical properties which have been estimated by the simulator and have good agreement with the manufacturer's data while table 6 indicates slug value in front of pig sphere in riser so that increasing gas flow rate tends to push hold liquids to move along the pipeline thus most liquid holdup is seen at start-up time. Figure 3 shows the variation of gas pressure with flow 1000 MMSCFD after primary refinement at platform up to onshore facilities (from right to left) along the distance. As assumed based on design, outlet gas pressure in onshore should be 74 barg which is the point that all curves have conjunction with in figure 4, thus variation of inlet pressure to sub-sea pipeline is investigated in different flow rates. As illustrated in figure 4 , the gas pressure along the pipeline is decreased based on Darcy correlation, even though as soon as gas flow rate is increased pressure differential between offshore and onshore as slop of curve will be enhanced (as is illustrated from the lowest curve up to the highest). Therefore, in full load (1000 MMSCFD) the pressure after chock valve is almost 114 barg which is equal to 40 bar pressure drop through the pipeline. As was mentioned in figure 4 , by increasing gas flow rate the pressure differential between the source and the sink will be raised, in the figure 5 the variation of pressure versus various flow rates in different pipe diameters is depicted. These curves indicate the value of inlet pressure in some operational conditions (full load, turndown, etc.). Apparently, in the time that gas is being producing in lower rate, the pressure at downstream of chock valve might be less than the higher flow rates. For example, for the pipeline of this study with internal diameter 30 inch (circle dotes) in 500 MMSCFD, the pressure would be 87 barg. Rise in pipe diameter causes inlet pressure to transfer line is fallen so that for 40 inch diameter pipeline in 1000 MMSCFD, it tends to 86 barg that adds up to 30 bar pressure differential compared with the 30 inch pipeline. Figure 6 shows the variation of gas temperature along the pipe for different flow rates. Obviously, when the gas flow rate is increased its temperature will be more at onshore. With considering constant condition for air and water temperature, because in higher flow rates more mass of gas has heat transfer with surrounded environment, thus temperature drop would be less in comparison with lower flow rates. For 1000 MMSCFD, this difference is about 41°C while for 250 MMSCFD the outlet temperature is approximately 18°C (ΔT = 56°C ) that is located in hydrate formation area, therefore at the beginning of start-up in lower gas flow rate, injection of hydrate inhibitor must be increased in order to prevent pipeline blocking. Also by decreasing flow rate, the curves approach to parabolic shape. The change of gas temperature along the distance based on different pipe diameters for 1000 MMSCFD in figure 7 is illustrated. Apparently, change of pipe diameter doesn't have significant effect on temperature slop so that up to 35 kilometres from the offshore platform, temperature is almost constant and equals 55°C. This matter indicates variation of temperature will be constant for all diameters and there is just 4°C temperature drop from 35°C in 40 inch pipeline up to 31°C in 28 inch pipe. This low drop in temperature is because of more heat transfer between gas and sea water at the higher elevations not as a result of change in pipe diameter so that lower flow has more temperature drop than the higher gas flow. Figure 8 depicts gas temperature versus pipeline elevation through its route so that there is no noticeable difference in temperature between the flow rates when gas flows along the riser with length of 80 meter (15 meter from platform to up and 65 meter from platform to seabed) toward seabed, this matter is even sensitive up to 7.5 kilometres from offshore platform but after this distance because of decrease in elevation, there is dominant temperature drop which in lower flow rates is more significance. Also as a result of more width of insulation for concrete coated section up to 45 meter under sea level (120 mm), temperature drop rate is much lower than the depth which is more than 45 meter with 80 mm width of insulation. 
Conclusion
This study discusses about various flow patterns and investigates different operational conditions for a sub-sea pipeline which has been located in Persian Gulf to transfer the sour gas to the onshore plant so that Beggs and Brill correlation predicts the conditions of line well, by increasing flow rate because of more energy that gas forces to liquid the amount of holdup and slug is decreased so that from 200 MMSCFD up to 1000 MMSCFD this value is almost fallen 32% in the riser. The most gas flow rate has the most pressure drop along the distance also the changes of pipe diameter don't affect on gas temperature along the distance while flow rate change has obvious effect on it. Our results could help the designers and manufacturers in order to obtain the most proper pipe diameter and the insulation as well as to estimate amount of liquid holdup for start-up team.
